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INTRODUCTION
The idea that reproduction imposes a cost on organisms has been a part of life history theory since Williams (1966) , and has been elaborated by Stearns (1976) . Cody (1966) hypothesized that organisms have limited resources, and efforts invested in reproduction would necessitate a decrease to other processes. Thus, immediate reproduction is expected to decrease future reproduction (or residual reproductive value), survival, or growth. As a result, many investigators have looked for these reproductive costs by examining trade-offs between traits such as reproductive effort and survival with equivocal results. Evidence both supporting and refuting reproductive costs has been attributed to the different methods used to evaluate costs of reproduction Harvey 1985, Reznick 1985) , a contention supported by recent empirical work (Fox and Stevens 1991) .
In the study of plants, reproductive costs based on increased allocation to reproductive tissue when compared to vegetative tissue may not be an accurate predictor of the cost of reproduction (Reekie and Bazzaz 1987) . Although allocation studies yield important information about patterns of vegetative and reproductive tissue investment, they do not address whether these allocation patterns affect life history traits, and I Manuscript received 26 August 1991; revised 12 November 1991; accepted 2 December 1991.
therefore influence a population's demography. It is these demographic consequences, resulting from individual life history traits, that I will refer to as demographic costs of reproduction. Searches for demographic costs in terrestrial plants have yielded evidence that reproduction decreases subsequent survivorship (Sohn and Policansky 1977 , Law 1979 , Smith and Young 1982 and future reproduction (Law 1979 , Snow and Whigham 1989 , Ackerman and Montalvo 1990 , Primack and Hall 1990 , Fox and Stevens 1991 . Many of the above studies have also shown trade-offs between vegetative growth and reproduction. However, contrasting results have been obtained by Horvitz and Schemske (1988) ; reproduction did not result in decreased survivorship, growth, or future reproduction. Perhaps, as Tuomi et al. (1983) suggest, plant reproductive costs may be reduced by storage or by compensating with increased resource uptake. Thus, if storage and compensation are important to plant reproductive costs, studying allocation patterns in tandem with demographic studies should be fruitful. Not only will this indicate whether allocation patterns are important to demographic patterns in the field, but examining both may elucidate what the currencies are for reproductive costs.
The study described here represents an experimental manipulation of reproductive investment designed to characterize reproductive costs in the intertidal kelp A/aria nana. I asked whether there is resource limi-tation to reproduction, and if nutrient allocation patterns indicate demographic costs of reproduction. I hypothesized that the currency for reproductive costs in /Maria tiana might be related to two very different traits. First, A/aria nana has accessory reproductive structures borne at the base of the plant. In the wave-exposed environments that Alaria nana inhabits, these structures may decrease survivorship due to the increased drag imposed by the reproductive surface area.
Second, another species of Alaria (A. marginata) has higher levels of polyphenolic secondary metabolites in the reproductive portion of the plant (Steinberg 1984 The genus A/aria has representatives in the colder waters of the northern hemisphere, with Alaria nana distributed in the northeastern Pacific from Alaska to Oregon (Widdowson 1971) . The study site was Tatoosh Island, Washington (48024 N, 124044 W) , a waveexposed island 0.5 km from the tip of Cape Flattery. Alaria nana occupies wave-exposed middle intertidal areas, sometimes colonizing newly created patches in the mussel beds (Paine and Levin 1981) .
A/aria life history includes a microscopic haploid gametophyte and a macroscopic diploid sporophyte typical of the kelps (Order Laminariales). Although biological details are lacking for stages such as spore dispersal, gametophyte development, and fertilization, studies of kelps to date indicate high mortality during the early stages of life (Chapman 1984 , Dean et al. 1989 ). The sporophyte of Alaria nana (further references will be simply Alaria), consists of a rachis bearing both the reproductive sporophylls and a frond bisected by a midrib (Fig. 1) . The plant is anchored to the rocks with a holdfast. Frond growth initiates at the base of the frond; hence, older frond tissue is at the distal end of the blade. New sporophylls are initiated at the distal end of the rachis; rachis growth results in older sporophylls basally. Alaria is an annual; sporophytes become macroscopic in the spring, mature through the summer, and senesce in the fall and winter (C. A. Pfister, personal observation). Thus, periods of maximal growth and reproduction are concurrent. A few individuals persist into a second season, although it is not known whether they reproduce in both years.
Like many kelps, members of the Alaria genus have phloroglucinol-based phenolic secondary metabolites (phlorotannins) that can deter herbivores (Steinberg 1985 (Steinberg , 1988 ; but see Bernays et al. 1989 for other interpretations of terrestrial tannin functions). In a related Alaria species (A. mnarginata), phenolics were not evenly distributed in the plant: the reproductive sporophylls contained a significantly higher percentage than vegetative tissue (Steinberg 1984) . Thus, phenolic investment in sporophylls may play an important role in allocation patterns.
METHODS
A series of experimental manipulations of Alaria's vegetative and reproductive structures was performed through two seasons in . I randomly assigned 65 (May 1989 and 69 (June 1990) Alaria to 1 of 3 treatments: (1) sporophyll removal (-SPL), where newly developing sporophylls were clipped off at their connection to the rachis, (2) vegetative tissue removal (-VEG), where a quantity of vegetative tissue, roughly equivalent to the amount of reproductive tissue cut off in (1) above was removed from "wing" portions of the distal portion of the frond, and (3) CONTROL, where no tissue was removed. Treatments were maintained every 2 wk. Thus, sporophyll regrowth was minimal and by effectively preventing the -SPL plants from developing reproductive sporophylls, I assume that I greatly inhibited allocation to reproduction. The treatment with vegetative tissue removal controlled for the loss of photosynthetic tissue caused by sporophyll removal, but did not change the length measurement of the frond. Based on measurements relating frond length to vegetative tissue mass, and sporophyll lengths to reproductive tissue mass, I estimated that I removed an average of 28.3% of the frond dry mass at the beginning of the season to 41. 1% by the end of the season Treatments were maintained every 2 wk from May to September 1989 and June to October 1990. Increase in frond length was measured at 2-wk intervals by punching a hole in the meristematic region -3-6 cm from the base of the frond with a paper punch (large plants) or dental dam punch (small plants) and measuring the distance the hole had migrated from the distal end of the rachis over the period. Total growth in frond length of an individual plant was obtained by summing all growth from 4 June until 15 September 1989 and from 22 June until 5 October 1990. The length of the rachis, the frond, and each sporophyll (1990 only) was also recorded. Missing plants were presumed to have either been ripped off the rocks by wave action or grazed by intertidal herbivores.
I examined whether growth of the -SPL plants during the interval that sporangia were on the frond differed from plants with sporangia borne normally on the sporophylls (CONTROL and -VEG plants). The growth intervals for which these comparisons were relevant were 1 August-l September 1989, 1-15 September 1989, and 5 September-5 October 1990. Using ANCOVA, frond length was used as the covariate, growth as the variate.
I examined whether nutrient and phenolic allocation patterns reflected demographically important traits in experimental plants. Allocation patterns of total carbon, total nitrogen, and total phenolics were examined by destructively sampling some plants on 15 September 1989. Frond and sporophyll tissue were excised with a cork borer. Samples for phenols were immediately put on dry ice for transport to Seattle, Washington and storage at -70'C, and nutrient samples were kept on ice and stored at -1I00C in Seattle. CHN analyses were performed by the Oceanography Department at the University of Washington (Carlo Erba Model number 1106 CHN Analyzer). Total phenols were quantified by extracting 250-500 mg tissue overnight in 70% methanol, then filtering through Whatman GF/C glass fiber filters. I quantified total phenolics with the Folin-Denis analysis for total phenolics Hillis 1959, Swain and Goldstein 1964; reagent recipe: AOAC 1955) , using phloroglucinol as a standard.
Since -SPL plants had no sporophyll tissue for sampling C, N, or phenolics, this category is omitted and the design is unsuitable for a two-way ANOVA. Instead, I have analyzed patterns of C, N, and phenolic distributions with one-way ANOVAs and pairwise analyses. Replicates of the -SPL treatments do not include samples from plants with frond sporangia.
Since growth rate changes in Alaria might be manifested as changes in the mass of tissue committed to a given area, I estimated plant thickness in all treatments. I used tissue cores excised for the 1989 phenolic assays for a relative measure of plant tissue specific density: dry mass of cores divided by area of core. Wet mass of plant tissue was related to a regression for dry mass, and the area excised by the cork borer was computed. Tissue specific density data are available only for the 1989 experiment.
I estimated the absolute amount of reproductive investment (RI) to sporophylls in 1990 by measuring the length (L) of individual sporophylls and relating it to sporophyll mass with a second-order polynomial. For nonreproductive sporophylls: sporophyll dry mass (in grams) =-1.586 x 10-2 + 2.315 x 10-3L + 1.204L2, R2 = 0.89, n = 95, and for reproductive sporophylls, sporophyll dry mass (in grams) = 5.891 x 10-3 + 3.437
x 10-3L + 1.319 L2, R2 = 0.91, n = 173. Individual sporophyll dry masses were summed for each plant to yield reproductive investment. The density of spores was assumed to be constant between plants.
In a second experiment, I investigated whether Alaria sporophylls were dependent upon the frond for maintenance. I randomly assigned reproductive plants (n = 33, 1989; n = 30, 1990 ) to two treatments: (1) frond removal, where the entire frond was clipped off at the base, leaving only the rachis and sporophylls (see Fig. 1 ), and (2) control treatment, where the frond was left intact. Between 3 August and 15 September 1989 and again from 8 July to 5 October 1990, I visited plants every 2 wk, noted sporophyll development, and maintained treatments. On 14 September 1989, vegetative and reproductive tissue samples were taken for total phenolics and sporophyll specific density was estimated as described previously.
Following small storm events in 1990, I collected intact Alaria plants that had washed up on Tatoosh Island. Since many of these plants had developed sporophylls, but were presenescent (66%, n = 35), I hypothesized that sporophyll-induced drag might contribute to natural mortality. Drag force on Alaria with and without sporophylls was measured with a commercial fish spring-scale or De-Liar (Zebco, Model 228, Tulsa, Oklahoma) using the methods of M. A. R. Koehl (personal communication) . Three sites were chosen on Tatoosh Island where Alaria is abundant (ranging from 0.8 to 1.3 m above MLW). Two force transducers were anchored to eyebolts in the rocks at each site. A pair of similarly sized Alaria with sporophylls (controls) or with the sporophylls removed were systematically assigned to 1 of 7 force transducers and 1 of 2 eyebolts at each site in such a way that positional effects and mechanical bias due to using the same force transducer were avoided. All Alaria within 1 m of the eyebolts were removed to avoid entanglement, and the force transducers with plants attached were deployed for 12-24 h, depending on when the tide level allowed subsequent access to the site. Frond lengths of Alaria used ranged between 27.0 and 62.5 cm; reproductive investment (RI) of control plants ranged from 0.623 to 3.046 g dry mass, spanning the range of experimental plants followed in this study (see Fig. 6 ). The amount of drag experienced by each plant was proportional to the distance a pin attached to the spring scratched on metal tape. This distance was measured and related to a regression of scratch distance to force (in newtons) for each force transducer. Since wave conditions are highly variable at different sites and between days, all results were analyzed in a pairwise manner. Nine paired trials were deployed between 3 and 5 September 1990 and four more were deployed from 3 to 5 October 1990.
RESULTS

Allocation patterns
The percentages of C and N in both the sporophylls and fronds are shown in Fig. 2a and b for experimental plants. Reproductive sporophylls had 15% more C on average than did fronds of CONTROL plants (P = .004, paired-sample t test; Fig. 2a ), but N levels in the sporophylls were only marginally greater than levels in the frond (P = .076, paired-sample t test; Fig. 2b ). Removing vegetative tissue changed this pattern; percentages of C and N were lower in the sporophylls than in fronds of -VEG plants (P = .005 and P = .031, respectively, two-sample t tests). Conversely, percentages of C and of N in the frond were the same for all three treatments (percent C: P = .456, F = 0.83, ANO-VA, percent N: P = .718, F = 0.34, ANOVA). Thus, reproductive or vegetative tissue removal did not have any effect on the percentage of C and N in the vegetative tissue, but the removal of some vegetative tissue resulted in a decrease in the percentage of C and N in the reproductive tissue.
CONTROL plants contained a higher percentage of total phenolics in the sporophylls than in the fronds (P = .015, Wilcoxon paired-sample test; Fig. 3 ), a result consistent with that of Steinberg (1984) . There was no effect of treatment on the amount of phenolics in either the frond (P = .499, one-way ANOVA; Fig. 3 ) or the sporophylls (P = .525, two-sample t test; Fig. 3) . However, the removal of the entire frond marginally de-Ecology. Vol. 73. No. creased percent phenolics in the sporophylls (control A ? 1 SE = 2.8 ? 0.4% and frond removal = 2.0 + 0.2%/ P= .085, two-sample i test, n = 6). Thus, the allocation of phenolics within a plant was not markedly influenced by experimental removals of vegetative and reproductive tissue.
Lifc history consequences
Plant grow)tlth and size. -Growth rates for Alaria in 1990 were higher earlier in the summer and decreased as the season progressed (Fig. 4) . The pattern of growth did not differ between treatments (P = .68 8, F= 0.383, df = 16, repeated-measures ANOVA). Removal of sporophylls had no effect on either total growth or on final plant size (final frond length, FFL); however, growth and plant size were greater in 1989 than in 1990 as indicated by the significant effect of year (Table 2) .
These results were qualitatively identical when the -SPL treatment (both sterile and reproductive plants) was pooled. Because the relative ranks of treatments did not change between years (i.e., there were no significant interaction terms) and pooling the 2 yr of data increased the variance, subsequent analyses have been done within years.
When -SPL plants were divided into those that showed the compensatory reproductive response and those that remained sterile, mean growth rate and mean frond length of sterile plants at season's end in 1989 were significantly different ( Fig. 5 ; one-way ANOVA, F= 6.22, P= .003, and Tukey multiple-comparison test, P < .05 [as suggested by Day and Quinn 1989] ). Since only one plant remained sterile in 1990, an ANO-VA was not performed. Frond length at the end of the season followed an identical pattern (Pfister 1991 Frond tissue specific density in 1989 did not differ between treatments (Table 3) ; thus, the nonreproductive -SPL plants did not compensate for slower growth and small size by increasing frond specific density. During the interval that sporangia were on the frond, the growth of -SPL plants did not differ from plants with sporangia borne normally on the sporophylls. For all three intervals examined there was no interaction between location of sporangia and frond length (i.e., the hypothesis that slopes were homogeneous was not rejected). and regression analyses showed no significant effect of sporangia location on growth of fronds (Table 4). Thus, the presence of sporangia on the frond did not depress frond growth rates compared to plants that had sporangia borne normally on the sporophylls. means are represented with a horizontal bar. Asterisk denotes that -SPL plants that remained sterile showed significantly slower growth (P = .003, F = 6.22, one-way ANOVA and P < .05. Tukev multiple-comparison Test [Day and Quinn 1989] ). Sample sizes are given in parentheses.
the entire frond was removed, sporophyll numbers decreased markedly in both years. In 1989, the number of sporophylls decreased by 46% when the frond was removed while the number increased by 9% in the controls, representing a significant difference in investment to reproduction (P < .001, two-sample t test; Fig. 6 ). However, sporophyll specific density did not differ between the frond removals (X ? 1 SE: 12.7 ? 1.7 mg/cm2) and the controls (15.9 ? 0.6 mg/cm2, P = .430, Mann-Whitney U test). In 1990, none of the plants lacking fronds were identifiable on 5 October, either because these plants had senesced earlier or because the sporophylls had degenerated to the point where the tag could have slipped off. Based on my observations of sporophyll attrition the previous summer, the latter reason seems more likely. In contrast, 13 of the 15 control plants remained, and all were reproductive. Thus, the amount of vegetative tissue removed to control for sporophyll loss in the -VEG treatment had no effect on RI, whereas complete removal of the frond resulted in a drastic decrease in RI. Survivorship. -Although I hypothesized that sporophyll presence would decrease survivorship due to drag in a wave exposed environment, the experimental manipulations had no effect on survivorship (P= .547, contingency table analysis; Table 5 ). If treatments are pooled such that plants with sporophylls (CONTROLS and -VEG treatments) are contrasted with -SPL plants, there is still no effect of sporophylls on survivorship (P= .136, binomial test; Table 5 ). Furthermore, for the three intervals where plants were missing (8-22 July, 21 August-5 September, and 5 September-5 October 1990), there was no difference in the RI of surviving CONTROL plants or missing CONTROL plants (Table 6) .
Drag e-vperisnents. -Of the 13 paired replicates deployed to measure drag on Alaria, only 6 are suitable for analysis due to either plant or force transducer damage on the other 7 replicates. There was no effect of sporophylls on the force encountered by the plants (control X ? 1 SE 21.04 ? 4.95 N and sporophyll removal = 22.09 ? 5.10 N, P= .616, paired-sample l test).
Trade-ot//
Although the analysis of trade-offs based on phenotypic correlations can be misleading (Pease and Bull 1988) , I have included trade-off analyses because they are consistent with the results of my experimental manipulations. Data were analyzed to examine whether increasing chemical defense investment (percent phenolics) or increasing reproductive investment results in decreased growth or plant size. For these correlative analyses, CONTROL and -VEG plants were pooled since total growth, FFL, and RI did not differ between these groups (Table 2a and b, and Fig. 6, respectively) . The percentage phenolics in the frond was negatively correlated with total growth (P < .001, Spearman correlation coefficient = -0.729, n = 16), but not with final plant size (P > .10, Spearman correlation coefficient = -0.289, n 19). However, the percentage phenolics in the sporophylls showed an opposite pattern: increasing phenolics were significantly correlated with an increase in total growth (.01 < P < .025, Spearman correlation coefficient = 0.54 1, n = 15) and marginally correlated with an increased plant size (.05 < P < .10, Spearman correlation coefficient = 0.358, n = 18).
Similarly, RI was positively correlated with both total biomass growth (.025 < P < .05, Spearman correlation coefficient = 0.633, n = 9) and final frond length, FFL (.025 < P < .05, Spearman correlation coefficient = 0.504, n = 14). Log transformations of variables followed by regression analyses yielded no evidence for an allometric relationship between RI and 3.000 experimental Alaria nana at six census periods during the growing season. The -VEG treatment had no significant effect on RI compared to controls (P = .565, F = 0.352, repeatedmeasures ANOVA with census dates as repeated measures and treatments as the factor). Sample sizes for CONTROLS were n = 22, 13, 13, 13, 10, and 7 on sequential census dates, and for -VEG n = 17, 11, 11, 11, 7, and 6. 0.49 (22/45) * There was no significant difference in survivorship between the three experimental treatments (P = .547, X2 = 1.207, contingency table analysis), or when plants were grouped according to the presence or absence of sporophylls (P =. 136, binomial test).
total growth or final frond length (log RI = -2.74 + 1.38(log FFL), r2 = 0.06, P > .25, and log RI =-5.42 + 2.77(log total growth), r2 = 0.28, .10 < P < .25).
DISCUSSION
El idencc /br chcmnical defense costs
Although experimental studies have shown that many herbivores are deterred by phenolic compounds in macroalgae (molluscs: Geiselman and McConnell 1980 , Steinberg 1985 , Van Alstyne 1988 echinoids: Steinberg 1988 ; fish: Van Alstyne and Paul 1990), no studies have investigated whether there are costs for these defenses (Hay and Fenical 1988) . As in Steinberg (1984) , this study also shows a greater investment to chemical defense in the reproductive tissue, and this differential investment affects the results of trade-off analyses. When frond phenolics are considered, there appears to be a trade-off with total growth, since growth is negatively correlated with frond phenolics. However, sporophyll phenolics are significantly positively correlated with total growth and weakly positively correlated with plant size. Thus, where phenolics are most concentrated they show no trade-off with plant growth or size. Indeed, convergent patterns in defense and reproductive costs emerge: due to the increased defense and reproductive capacity of large plants, no phenotypic costs are detected.
The percent phenolic levels that I found were very low relative to some kelp species (Steinberg 1985, Van Alstyne and Paul 1990) . Frond percent phenolics ranged between 0.7 and 2.6%, and sporophyll levels ranged between 0.8 and 5.7%, consistent with the mean values reported by Steinberg (1984) and Van Alstyne and Paul (1990) for A. inarginata. However, Steinberg (1988) found that polyphenolic concentrations of 2 and 5 mg/mL significantly decreased grazing, and many of the plants in my study are as high as 2 mg/mL. Thus, herbivore grazing may still be deterred at these low levels. Additionally, the increased thickness of the sporophylls compared to the frond may deter herbivory, as demonstrated with the grazing habits of the mollusc Tegulafunebralis on A. mnarginata (Steinberg 1984) .
Blomnechanical considerations of sporophylls
Although sporophylls increase the surface area of the plant, there is no evidence that this decreases survivorship (Table 5 ). However, survivorship is a function of many different variables, of which sporophyll mass may only be one. For example, Alaria settles on many different substrate types and in widely differing densities. Frequently, Alaria are dislodged because the substrate they are attached to fails (C. A. Pfister, personal observation). Additionally, it is possible that the activities of grazers dislodge the plant from the substrate (e.g., Koehl and Wainwright 1977) . Thus, the data in Table 5 do not indicate the source of mortality, and pattern due to sporophyll drag might be obscured. However, drag measurements with force transducers showed no difference in the force on plants with or without sporophylls, and I tentatively conclude that sporophylls do not affect survivorship. Sporophylls are relatively narrow (2-27 mm), and drag may be reduced even more by collapsing into bundles during flow, as found for Nereocystis lutkeana blades (Koehl and Alberte 1988) . Additionally, although drag increases as the square of velocity, drag coefficients of intertidal seaweeds have been shown to decrease as velocity increases, thus ameliorating the consequences of increased drag as a result of higher water flow (Carrington 1 990).
Constraints on reproductive mode in Alaria nana
Since the presence of sporangia on the vegetative blade did not depress growth rates when compared to plants that did not have frond sporangia, why does A/aria nana not usually reproduce on the frond? Although this question cannot be unequivocally answered, I suggest three hypotheses. First, sporangia on the frond may not have enough time to mature in a relatively fast-growing kelp such as Alaria nana. Confining reproduction to the sporophylls permits the vegetative portion to remain a fast-growing, photosynthetic "organ." Although this hypothesis would be supported if species that normally reproduced on the frond had slower growth rates when reproductive, it awaits a systematic study of the growth and reproductive phenologies of a number of kelp species. Second, reproduction on the frond is selected against because the frond is often ripped off and torn in wave-exposed environments where Alaria nana lives. Third, physiological constraints maintain reproduction on the sporophylls in Alaria nana. Only in instances where sporophylls are traumatized or plants reach a relatively large size does the frond develop sporangia (Pfister 1991) . In this case, it seems possible that an internal chemical cue mediates reproductive tissue expression. The placement of accessory reproductive structures in the phylogenetic history of the kelps is not yet known. However, it appears that some kelp species are indistinguishable at the genomic sites examined thus far (Bhattacharya et al. 1991) . Although I cannot reject any of these hypotheses at this time, the low incidence of sporangia on the frond in natural populations may indicate a constraint on this reproductive tactic. As recognized by Partridge and Sibly (1991) , identifying ecological and physiological constraints are paramount to understanding the life historical options an organism can employ.
Evidence for reproductive costs Experimental manipulations of vegetative tissue revealed allocation patterns that argue strongly for reproductive costs. Sporophylls have higher levels of C and N than the frond and the removal of some frond tissue (-VEG) results in a decrease in C and N in the sporophylls only ( Fig. 2a and b) . Similarly, when the entire frond is removed, sporophyll numbers decrease compared to controls (Fig. 7) , eventually resulting in nearly complete attrition of sporophylls. I would not expect these patterns if sporophylls did not exact a cost for their maintenance from the rest of the Alaria plant. Since bidirectional translocation of photosynthates between the sporophylls and the frond has been demonstrated for an Atlantic Ocean A/aria species (A. esculenta: Buggeln 1976 Buggeln , 1977 Buggeln , 1981 , Alaria could respond or compensate for the removal of various plant parts (Pfister 1991) . Thus, vegetative tissue seems to be required for the maintenance of reproductive tissue; loss of some of this tissue results in decreased quality (C and N) and decreased quantity of sporophylls. Similarly, when Reed (1987) removed 75% of the vegetative tissue from the kelp, Macrocystis pyrifera, sporophyll biomass decreased by more than half.
However, experimental manipulation of reproductive investment did not alter important life history parameters such as growth, final plant size (Table 2) , frond specific density (Table 3) , or survivorship (Table  5) . Additionally, survivorship in control plants was unrelated to reproductive investment (Table 6 ). Instead, growth and size were positively correlated with reproductive investment. Thus, there is no evidence for reproductive costs when life history traits are used as indices.
In sum, despite allocation patterns that indicate a cost of reproduction and increased C, N, and phenolics in reproductive tissue, these results do not translate into modified life history traits. Perhaps, as suggested by Horvitz and Schemske (1988) , studies that investigate only allocation patterns may not be able to make accurate predictions about demographic consequences in the field. However, another consideration is that the lack of statistical difference between treatments over the relatively limited time span of an experiment may mask small changes important to selection over a longer time scale.
The positive size-dependent relationship of reproductive investment in Alaria nana has been shown in some terrestrial plants (Samson and Werk 1986) and in some macroalgae (Vernet and Harper 1980, DeWreede and Klinger 1988) , although the importance of size in determining reproductive investment has not been demonstrated to be general. However, for those plants where size is an important determinant of reproductive investment, growth rate and size may not be negatively correlated with reproduction. Finally, although increased size may be selectively favored in algae for its contribution to increasing reproductive investment, selection for large size may be countered because of increased failure of the substrate to which the algae are attached (Witman 1987 ).
Algae may also reduce reproductive costs because reproductive tissue is photosynthetic (McLachlan and Bidwell 1978) . The data presented here suggest that photosynthesis of sporophylls is not as efficient as that of the frond, since sporophylls decrease in the absence of the frond (Fig. 7) . Increased self-shading, competition with other plants, decreased nutrient uptake, or other physiological factors could all account for lower sporophyll photosynthesis. Similarly, Watson and Casper (1984) note that many terrestrial plants have photosynthetic flowers and fruits and may contribute to their own maintenance costs.
The lack of evidence for reproductive costs in this study contributes to a growing body of equivocal evidence for costs of reproduction. Horvitz and Schemske (1988) also found no evidence for demographic reproductive costs in a neotropical herb. Reekie and Bazzaz (1987) report that reproduction in Agropyron repens increased total growth under increased nutrient concentrations in the greenhouse. Although their results do not predict the outcome in the field, they do suggest that under certain field conditions reproduction may not impose a cost.
One explanation for the lack of reproductive costs in experimental studies is that the organism may be physiologically or behaviorally unable to redirect resources when reproduction is decreased or prevented. In this study, sporophyll removal may not initiate a redistribution of resources that would result in increased plant growth or survivorship. Instead, sporophyll removal often results in the expression of an alternative reproductive mode (Pfister 1991) . Although I cannot rule out that A/aria lacks the physiological plasticity to respond to sporophyll removal by diverting resources to growth and survivorship, it does appear that the physical structure of sporophylls does not impose a cost.
Alternatively, plants such as Alaria nana may minimize costs of reproduction with plastic or compensatory responses to the environment. For example, although .1laria can develop a large frond in the absence of' sporophylls, sporophylls cannot remain robust in the absence of a frond. This suggests that as long as the frond can obtain light, nutrients, and other necessary resources, reproductive sporophylls can be produced with no growth, size, or survivorship costs to the plant. Perhaps, as Tuomi et al. (1983) suggest, organisms can reduce reproductive costs by compensating for reproduction by increasing resource uptake or by storage. Experimental studies with other organisms also support this idea, since they show increased reproductive costs when organisms are temperature stressed (copepods, Feifarek 1983) or food stressed (brine shrimp, Browne 1982) . In the case of Alaria, reproductive costs may be undetectable due to the ability of the vegetative frond to compensate for these costs.
